The lepocreadiid fauna of New Caledonia is reported and discussed and a new species and several new host and locality records presented. Hypoporus plataxi sp. nov. from Platax teira is described and distinguished from its only congener by its terminal genitalia, the structure of the anterior part of the alimentary system and other morphological features. New host and locality records and a description are given of Lepotrema cf. clavatum Ozaki, 1932 in Sufflamen fraenatum. New host and locality records are given of Lobatocreadium exiguum (Manter, 1963) in Pseudobalistes fuscus, which is also reported in the known hosts Abalistes filamentosus and Sufflamen fraenatum. New host and locality records are given of Opisthogonoporus amadai Yamaguti, 1937 
Introduction
The Lepocreadiidae is probably not a monophyletic group (Bray, et al., 2009b) , but until more evidence is available and a robust classification can be developed, the system espoused by Bray (2005) is used. It is one of the largest digenean families with over 75 genera and over 200 species. Several reports of lepocreadiids have been made from New Caledonia, starting with Durio and Manter (1968) , and these are listed below, interspersed with new data on lepocreadiids in this region. Only 10 species of lepocreadiids were listed for New Caledonian fishes by Justine (2010) . Now, therefore, 32 New Caledonian species are known, belonging to 22 genera, and reported from 38 host species.
Materials and methods
Digeneans were collected live, immediately fixed in nearly boiling saline and then transferred to 80% ethanol following the protocol of Cribb and Bray (2010) . Whole-mounts were stained with Mayer's paracarmine, cleared in beechwood creosote and mounted in Canada balsam. Measurements were made through a drawing tube on an Olympus BH-2 microscope, using a Digicad Plus digitising tablet and Carl Zeiss KS100 software adapted by Imaging Associates, and are quoted in micrometres. The following abbreviations are used: BMNH, British Museum (Natural History) Collection at the Natural History Museum, London, UK; MNHN JNC, Muséum National d'Histoire Naturelle, Paris, France. The % sign in the tables refers to the percentage relative to the body-length, except when accompanied by ** which means percentage of ventral sucker to ovary distance.
host off New Caledonia (see Table II ). The other form (JNC 2978) appears to differ in being slightly pyriform ( Fig. 1) and having, at best, a weakly developed anterior notch. In addition, the ventral sucker is more or less circular or oval with the long axis parallel to the equator (vs oval with the long axis at an angle to the equator, the usual arrangement in typical H. patellare (Bray et al. 2009a) ). In the case of the JNC 2978 specimens, it has been difficult to mount the worms as well as we would have liked, and the edges are slightly folded, which may account for the slightly pyriform shape. As with typical H. patellare the genital pore is at the anterior oesophagus/pharynx level and the uterus reaches post-ovarian. We are considering JNC 2978 worms as another atypical H. patellare, but point out the differentiating features, some of which may disappear with further study: the pyriform shape, the slight or absent anterior notch and the ventral sucker shape and orientation. Molecular studies will be needed to elucidate the relationships of the atypical forms of H. patellare.
Hypocreadium toombo Bray et Justine, 2006
Records from New Caledonia: 1. Bray and Justine (2006) , 2. Bray et al. (2009b Table III . Body elongate linguiform, robust (Fig.  2) . Tegument finely spined, spines reaching to level of posterior testis. Eye-spot pigment scattered at level of pharynx. Oral sucker large, subglobular, subterminal. Ventral sucker oval, smaller than oral sucker, in anterior third of body. Prepharynx short, entirely in posterior cavity of oral sucker, wall thick. Pharynx large, oval. Oesophagus short, narrow. Intestinal bifurcation in mid forebody. Two short anteriorly directed diverticula arise from bifurcal area. Caeca broad, end blindly close to posterior extremity.
Testes two, oval, entire, tandem, contiguous, in mid hindbody. External seminal vesicle large, elongate oval, reaches dorsally over ovary. Cirrus-sac broadly claviform, mainly posterior to ventral sucker. Internal seminal broad, coiled, ventral in cirrus-sac (Fig. 3) . Pars prostatica long, wide, coiled dorsally over seminal vesicle; apparently narrows distally passing into ejaculatory duct via narrow aperture (Fig. 4) . Ejaculatory duct wide saccular proximally, with irregularly wrinkled thin wall, forming small, flask-shaped, relatively thick-walled chamber distally. Genital atrium distinct. Genital pore sinistral, at level of posterior part of the ventral sucker.
Ovary trilobate, pretesticular with short gap. Seminal receptacle subglobular, postero-sinistral to ovary. Laurer's canal and Mehlis' gland not detected. Uterus intercaecal, preovarian, almost entirely in hindbody. Eggs tanned operculate. Metraterm full of eggs, wide, with glandular sheath, slightly shorter than cirrus-sac (Fig. 5) . Vitellarium follicular, reaching from posterior margin of ventral sucker to posterior extremity, confluent in post-testicular region; lateral, ventral and dorsal to caeca, encroaching over gonads but not confluent in gonadal area.
Excretory pore terminal; vesicle wide reaches to intestinal bifurcation.
Discussion: We feel justified in describing this single specimen as it has many unusual features. It must be said that the cirrus-sac contents are hard to interpret and we have attempted to give an overall view of these contents, but we are not certain that all the details are correct. The contents are, however, unusual enough to be recognised when further specimens are found.
This species does not fit comfortably into any known genus. As the terminal genitalia are of neither the 'Opechona' nor the 'Lepidapedon' type it is difficult to key satisfactorily to subfamily in Bray (2005) . Nevertheless, attempting the Length  1072  1191  1130  1042  1302  1145  Width  884  1107  1040  1085  1278  1174  Forebody  417  490  442  403  540  449  Pre-oral lobe  0  15  10  11  16  14  Oral sucker length  114  147  125  106  114  112  Oral sucker width  121  156  135  119  145  128  Prepharynx  0  10  3  0  0  0  Pharynx length  74  100  86  71  77  74  Pharynx width  87  115  100  90  97  93  Oesophagus  83  113  98  84  109  92  Intestinal bifurcation to ventral sucker  145  190  160  124  171  142  Vitellarium to ventral sucker  188  244  222  220  277  242  Ventral sucker length  127  164  145  120  158  138  Ventral sucker width  141  161  155  155  168  160  Cirrus-sac length  295  358  332  318  357  333  Cirrus-sac width  114  139  127  118  137  127  Ventral sucker to ovary  7  46  28  34  68  53  Ovary length  107  132  117  102  130  115  Ovary width  92  112  101  105  126  116  Ovary to anterior testis  0  17  3  0  8  3  Anterior testis length  154  194  171  165  208  184  Anterior testis width  107  160  128  137  155  147  Distance between testes  129  161  147  115  170  136  Posterior testis length  135  189  168  149  179  163  Posterior testis width  101  143  117  143  170  157  Post-testicular distance  362  393  379  356  450  397  Post-caecal distance  168  231  201  194  279  237  Egg length  61  72  65  61  70  65  Egg width  27  37  32  27  33 (Madhavi 1972 , Gu and Shen 1979 , Dyer et al. 1988 , Hafeezullah 1990 , Bray and Cribb 2003 , Bray et al. 2009b .
Genus Intusatrium Durio et Manter, 1968
Intusatrium robustum Durio et Manter, 1968 (Figs 6-8) Hosts: Bodianus loxozonus (Snyder, 1908) Bray et al. (2009b) .
Previously reported New Caledonian hosts: Bodianus loxozonus (2), B. perditio (1, 2, 3) .
Discussion: This species is known only from the waters off New Caledonia. Durio and Manter (1968) reported the species in Bodianus [as Lepidaplois] perditio and Bray and Justine (2006) reported the species in B. perditio and B. loxozonus. There is some confusion over the detail of the structure of the male terminal genitalia. Durio and Manter (1968) described the cirrus-sac as 'containing in its posterior half a cellular-walled tube (= prostatic vesicle ?), straight or sinuous, followed by a prostatic tube of about same length lined with microvilli, and terminally a thin-walled expansion followed by very short, thick-walled cirrus. Prostatic cells few, near middle of cirrus sac; darker staining cells in posterior part of sac.' They also described the genital atrium as having an 'ovoid outpocketing (atrial sac) extending within cirrus sac alongside prostatic tube almost to middle of cirrus sac, often containing eggs. ' Yamaguti (1971) thought that the atrial sac described by Durio and Manter was, in fact, a 'swollen pars prostatica'. Bray et al. (1997) illustrated the terminal genitalia and found no sperm in the internal male duct, the walls of which varied in thickness and the definition adopted by Bray (2005) was based on this observation. Having examined several specimens from the type host, B. perditio we find a thick-walled internal male duct, expanded about centrally to form a small, vesicular pars prostatica (Figs 7-8) . Sperm was not seen in the internal male duct. In several cases a cirrus is formed, protruding from the genital pore and in this case the internal male duct is stretched to a more or less rectilinear course. Durio and Manter (1968) detected similarities to the Haploporidae in this species, but molecular evidence (Bray et al. 2009b) indicates that it is a lepocreadioid, and clusters with a morphologically variable group of labrid parasites. Measurements of our specimens are given in Table IV Manter (1940) described the cirrus-sac as 'containing a short muscular tube near its base, a wider pars prostatica in its middle half and a cirrus (straight or slightly sinuous)' which is similar to that of Intusatrium. The illustration (Manter 1940, fig. 20 ) shows a coiled internal seminal vesicle with sperm. Further observations may find this species to belong in Intusatrium. Lepocreadium bodiani Machida, 2004 in Bodianus bilunulatus (Lacepède, 1801), Labridae, tarry hogfish off Koniya, Kagoshima Prefecture, Japan (Machida 2004 ) has an internal seminal vesicle described as 'oval to elongate-oval', the pars prostatica is 'globular' and the ejaculatory duct is 'short and narrow'. This may also be a species of Intusatrium, but the vitellarium reaches into the forebody in contrast to the condition in I. robustum and L. bimarinum.
Genus Lepidapedoides Yamaguti, 1970

Lepidapedoides angustus Bray, Cribb et Barker, 1996
Host: Epinephelus chlorostigma (Valenciennes, 1828), Serranidae, brownspotted grouper; Epinephelus fasciatus (Forsskål, 1775) Previously reported New Caledonian hosts: Epinephelus fasciatus (2, 3), E. merra (1), E. maculatus (3).
Discussion: Justine et al. (2010a) included these records in their paper on the parasites of serranids in New Caledonian waters. These specimens all conform to the L. angustus morphology as described by Bray et al. (1996) apart from one specimen from the gall-bladder of E. maculatus (JNC 2178B) which is broader than the others, with a width 38% of the length, which is a similar width to that quoted for L. dollfusi (Durio et Manter, 1968) (Table V) . Other features such as the position of the genital pore at the anterior margin of the ventral sucker, the entire ovary and the distinct prepharynx indicate a similarity to L. angustus. Bray et al. (2009b) (Durio et Manter, 1968) Records from New Caledonia: Durio and Manter (1968) . New Caledonian Hosts: Epinephelus spp. 'red cod' and 'spotted grouper'. Yamaguti, 1970 (Fig. 9 ) Syn. Lepidapedon (Lepidapedoides) kalikali Yamaguti, 1970 Host: Pristipomoides auricilla (Jordan, Evermann et Tanaka, 1927) (Kuramochi 2011) . Our worms differ slightly from the original description in being slightly narrower, with a shorter forebody, but in other ways resemble Yamaguti's original description closely (Fig. 9 , Table   VI ). In a cladistic study based on morphology , L. kalikali was resolved as a member of a small clade of species mostly restricted to lutjanids (including caesionines -Miller and Cribb 2007) .
Lepidapedoides kalikali
Genus Lepotrema Ozaki, 1932
Lepotrema cf. clavatum Ozaki, 1932 (Fig. 10) Host: Sufflamen fraenatum (Latreille, 1804), Balistidae, masked triggerfish. Previous New Caledonian records: None. Description: Based on 6 whole-mounted specimens, measurements in Table VII . Body pyriform, widest in hindbody (Fig. 10) . Tegument finely spines, spines reaching close to posterior extremity. Eye-spot pigment scattered around pharynx/oral sucker region in some, but not all, specimens. Oral sucker large, subglobular, subterminal. Ventral sucker oval, of similar size to oral sucker, just pre-equatorial. Prepharynx short, in posterior cavity of oral sucker, wall thick. Pharynx large, oval. Oesophagus short, narrow. Intestinal bifurcation in posterior forebody. Caeca broad, reach to about middle of post-testicular region.
Testes two, oval, entire, symmetrical or slightly oblique, in mid hindbody. External seminal vesicle large, but usually obscured by eggs. Cirrus-sac claviform, mainly dorsal to ventral sucker. Internal seminal vesicle oval. Pars prostatica vesicular. Ejaculatory duct long, thick-walled. Genital atrium distinct. Genital pore sinistral, ventral to sinistral caecum at the level of the anterior margin of the ventral sucker.
Ovary trilobate, immediately pretesticular, close to ventral sucker. Laurer's canal not detected. Seminal receptacle dorsal or dorso-lateral to ovary. Mehlis' gland dorsal to ovary. Uterus intercaecal, pretesticular, passes ventrally to ovary, overlaps posterior edge of ventral sucker. Eggs tanned operculate. Metraterm shorter than cirrus-sac, distal extremity with large folded muscular pad. Vitellarium follicular, reaching from pharynx to posterior extremity, confluent in forebody and post-testicular region; lateral, ventral and dorsal to caeca.
Excretory pore dorsal, in anterior post-testicular region; vesicle reaches to testes, not traced further.
Discussion: This form is similar to the type species Lepotrema clavatum Ozaki, 1932, keying to that species in the key presented by Bray and Cribb (1996b) , but it differs from L. clavatum in being broader, in the testes being symmetrical or nearly so, in the shorter cirrus-sac and slightly more anteriorly extensive vitellarium. Subsequent to Bray and Cribb (1996b) one further species has been described, Lepotrema monile Bray et Cribb, 1998 from Ward's damsel Pomacentrus wardi Whitley, 1927 (Pomacentridae) off Heron Island in the southern Great Barrier Reef . It differs from other species of Lepotrema, including our specimens, in lacking the large folded muscular metraterm pad, which is replaced by a relatively weakly developed sphincter and in the ovary showing only the slightest indications of trilobation. Bray and Cribb (1996b) (Shen 1986 ). Machida and Kuramochi (1999) reported L. clavatum from T. modestus off Japan, and mentioned that their specimens were large (2,100-2,500 long).
The published records of Lepotrema or putative Lepotrema species indicate that they are found equally in Balistidae, Monacanthidae and Pomacentridae (each with 31% of records each), with occasional single reports in Bothidae, Chaetodontidae and Pomacanthidae. Bray et al. (2009b) .
Previously reported New Caledonian host: Pseudobalistes fuscus (1, 2).
Discussion: These specimens fit comfortably into the descriptions of L. exiguum (see Cribb 1996a, 2002; Manter 1963; Shen 1990; Yamaguti 1970) (Table VIII) . Abalistes filamentosus is a newly reported host, although L. exiguum has been reported in the starry triggerfish Abalistes stellatus (Anonymous, 1798) from the Swain Reefs, Great Barrier Reef . Bray and Cribb (1996a) considered Pseudocreadium hainanensis as synonym of L. exiguum, and it should be noted that Shen (1990) described it from 'Balistes capistratus', off Hainan Island, southern China. This host is, according to Froese and Pauly (2012) , a synonym of Sufflamen fraenatum. Lobatocreadium exiguum was originally described from an unidentified trigger fish (Balistidae) off Fiji (Manter 1963) and all subsequent records have been from members of this family throughout the Indo-West Pacific Region, reaching as far east as Moorea in French Polynesia and Hawaii Cribb 1996a, 2002 ) and as far west as the Maldives in the Indian Ocean (Lorber et al. 2006) . Previous New Caledonian records: none. Discussion: A study of the genus Neohypocreadium from the Indo-Pacific region is at present under way.
Neohypocreadium longisaccatum Machida et Uchida, 1987
Host: Chaetodon flavirostris Günther, 1874, Chaetodontidae, black butterflyfish.
Site: Intestine. Locality: Lagoon (November 1997). Prevalence: 1/34 (3%). Previous New Caledonian records: None. Discussion: A study of the genus Neohypocreadium from the Indo-Pacific region is at present under way.
Genus Neomultitestis Machida, 1982
Neomultitestis aspidogastriformis Bray et Cribb, 2003
Host: Platax teira (Forsskål, 1775), Ephippidae, longfin batfish.
Site: intestine, stomach. Locality: Nouméa Fish Market, allegedly from "off Bouraké" (11/03/2009).
Prevalence: 1 of 2 (50%). Specimens: MNHN JNC2872B, BMNH 2012.5.25.4. Previous New Caledonian records: None. Discussion: This species is unmistakeable due to its highly distinctive ventral sucker divided into three loculi (Table IX) . Its only previous report is from the same host species off Heron Island, southern Great Barrier Reef (Bray and Cribb 2003) .
Genus Opechona Looss, 1907
Opechona bacillaris (Molin, 1859) Dollfus, 1927 (Fig. 11) Syns. see Bray and Gibson (1990) Host: Rastrelliger kanagurta (Cuvier, 1816), Scombridae, Indian mackerel.
Site Madhavi (1972) from the Bay of Bengal, it has subsequently been reported from off NW Australia (Korotaeva 1974 ), Saya-de Malya Bank, Indian Ocean (Parukhin 1985 (Parukhin , 1988 and again from the Bay of Bengal (Madhavi et al. 1986, Madhavi and Triveni Lakshmi 2011) . It may well be that the Indo-Pacific form is distinct from the commonly reported northern Atlantic form, which has been reported numerous times in the Atlantic mackerel Scomber scombrus Linnaeus, 1758 and chub mackerel Scomber japonicus Houttuyn, 1782 in addition to many other host-species (Bray and Gibson 1990) . Only three of our 21 undamaged specimens were extended so that useful measurements could be taken (Fig. 8, Table X ). Fourteen were immature and in the remaining four the oral sucker was deeply retracted into the forebody, a common feature of the Atlantic form. Bray and Gibson (1990) considered Lepocreadium guptai Gupta et Gupta, 1987 , reported from R. kanagurta (as Scomber microlepidotus) from the Bay of Bengal (Gupta and Gupta 1987) , as a synonym of O. bacillaris. Available descriptions and illustrations of Opechona from this host (Gupta and Gupta 1987, Madhavi and Triveni Lakshmi 2011) show that L. guptai differs distinctly from O. bacillaris of Madhavi and Triveni Lakshmi (2011) and our specimens in sucker ratio (ventral sucker about 150-178% of oral sucker width, vs 70 or 78-88%). The other Opechona species reported from R. kanagurta is O. siddiqi Ahmad, 1984 Ahmad, (nec 1986 ) from the Arabian Sea (Ahmad 1984) . The caecal ending are described as blind and its status in the genus is, therefore, equivocal, and it is also differentiated from O. bacillaris by its huge eggs (100-120 long) and the vitelline field reaches into the forebody.
Genus Opisthogonoporus Yamaguti, 1937
Opisthogonoporus amadai Yamaguti, 1937 (Fig. 12 (Table X) . Although the condition is not ideal, the general characteristics of the worm are very similar to the specimens described by Yamaguti (1937) from the horsehead tilefish Branchiostegus japonicus (Houttuyn, 1782) from the Sea of Japan. A few dimensions differ slightly, e.g. the eggs are generally slightly larger in our specimen (33-38 × 11-15 vs 26-33 × 15-18) , and details of the cirrus-sac contents are not visible, but we have little doubt that our specimen is conspecific with the Japanese form. Machida et al. (1970) later reported this species from B. japonicus from north of the Tsushima Islands, Japan. Previous New Caledonian records: None. Discussion: Our specimens are indistinguishable from those described by Pritchard (1963) , Yamaguti (1970) and , and those whose morphology was commented on by Machida and Uchida (1990) and Toman (1989) ( Table X) . The species has been reported almost exclusively from Naso spp., including records from N. brevirostris by each of the authors listed above, from Hawaii, The Great Barrier Reef, Japan and the Seychelles.
Genus Stegodexamene Macfarlane, 1951
Stegodexamene anguillae Macfarlane, 1951
New Caledonian record: Moravec and Justine (2007 Indo-West Pacific species, which apparently has passed into Mediterranean Sea (Lessepsian migration): 1: Echeneidocoelium indicum.
Circum-tropical species: 1: Diploproctodaeum haustrum. Cosmopolitan species: 1: Opechona bacillaris. The fish-digenean fauna of New Caledonia is of a typical Indo-West Pacific type, with the majority of its fauna shared only with parts of this region (72%). The next largest component of the fauna is the endemic species (19%). The southern Great Barrier Reef (Heron Island, Swain Reefs) shares the most species (16, i.e. 50%), and the Great Barrier Reef as a whole shares 19 (59%) species. The remainder are individual species whose distributions vary. One is found in eels in freshwater and is shared just with New Zealand. One species is essentially Indo-West Pacific, but has apparently invaded the Mediterranean Sea via the Suez Canal. One species is found not only in the tropical Indo-Pacific, but also in the tropical Atlantic. One species is cosmopolitan, and is the only species reported in both New Caledonia and the eastern Pacific. These data should be considered provisional as there are considerable biases in sampling in all oceans, particularly the Pacific Ocean. Some localities, e.g. Japan, the Great Barrier Reef and, now, New Caledonia, are fairly well sampled, whereas other regions are poorly sampled or unexplored. Similar caveats may be advanced in consideration of the techniques used to identify these species. Hitherto, these have mostly been morphological, and molecular study alerts us to the fact that many cryptic species occur and that fragmented sampling along clines may indicate spurious specific distinctions.
Host-specificity
Our findings indicate that lepocreadiids in this region are mainly parasites of perciforms (72% of records) and tetraodontiforms (22%), with occasional reports in anguilliforms (4%) and gasterosteiforms (2%). Within the major host orders, the parasites are spread widely among families, but it is clear that sampling bias has affected these results to some extent. The tetradontiform family Balistidae has the most reports (14%), closely followed by the perciformes Chaetodontidae and Serranidae (both 12%), Siganidae (10%) and Ephippidae and Haemulidae (both 8%).
Considering those species reported more than once, the following types of specificity are exhibited (see Miller et al. 2011) .
Oioxenous Miller et al. (2011) , having surveyed the patterns of hostspecificity of digeneans of Great Barrier Reef fishes stated that 'no host euryxenous host distribution should be accepted on the basis of morphology alone' and argued that true euryxenicity is relative rare. One case they recognised was Lepotrema clavatum. Of the other euryxenous species listed above, Opechona bacillaris is a cosmopolitan species, with over 100 reports, mainly in scombrids and gadids. It is likely that this species is genuinely euryxenous, but also, it is likely that many records are erroneous. Of the 17 records we have of Hypocreadium patellare, 14 are from balistids, two from monacanthids and one from a haemulid (Perciformes) (Parukhin 1978). As stated above this species is variable and the significance of the variability is poorly understood, but it is likely that the perciform record is either erroneous or of an accidental infection.
Similarly some the species listed as stenoxenous (to host order) are probably also more specific than this designation implies. Preptetos cannoni is found in members of the perciform families Siganidae (mainly) and Pomacentridae and Miller et al. (2011) accepted this host distribution. On the other hand, Holorchis plectorhynchi is reported from haemulids and once (Durio and Manter 1968 ) in a lethrinid. As mentioned above, we have examined many specimens of the lethrinid in question and not recovered H. plectorhynchi, indicating that the record is likely to be of an accidental infection, or possibly an error. Of the 16 records of Diploproctodaeum macracetabulum, 15 are from the balistid Abalistes stellatus and one (Parukhin 1989 ) from a triacanthid, indicating that this species is practically oioixenous.
